Isaacson and Michaels: Educational Implications of Ambiguity in Speaking Chemistry

TUDENTS WITH DISABILITIES
_
<O

Journal of Shence Education

RESEARCH ARTICLE

Ambiguity in Speaking Chemistry and other STEM Content:
Educational Implications

Mick D. Isaacson
Ivy Tech Community College
mick.isaacson@gmail.com

Michelle Michaels
Novus Access
mmichaels.iscience@gmail.com

Abstract: Ambiguity in speech is a possible barrier to the acquisition of knowledge for students
who have print disabilities (such as blindness, visual impairments, and some specific learning
disabilities) and rely on auditory input for learning. Chemistry appears to have considerable
potential for being spoken ambiguously and may be a barrier to accessing knowledge and to
learning. Educators in chemistry may be unaware of, or have limited awareness of, potential
ambiguity in speaking chemistry and may speak chemistry ambiguously to their students. One
purpose of this paper is to increase awareness of potential ambiguity in speaking chemistry and
other STEM fields and the ramifications of ambiguity. Another purpose is to introduce rules
(known as MathSpeak) for non-ambiguous speaking of mathematics that could be adapted
for use in chemistry. Reducing ambiguity in speaking chemistry may enhance learning of
chemistry and could encourage students who have blindness, visual impairments, and/or other
print disabilities to pursue careers in STEM fields.
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INTRODUCTION

they were going to major in science (Isaacson
Individuals with disabilities, including & Supalo, n.d.). This discrepancy between

blindness and low vision (BLV), are under-
represented in science, technology, engineer-
ing, and mathematics (STEM) (Malcom, &
Matyas, 1991; NSF, 2000; 2013). A majority
of middle and high school students who have
BLV reported that they find science “fun
and interesting” and are planning to go to
college, however, less than 15% reported that
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finding science fun and interesting and con-
sideration of science as a post-secondary
field of study is disconcerting and needs to
be better understood. A better understand-
ing may help in developing strategies for
reducing the discrepancy and increasing the
representation of students with disabilities
in STEM.
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AMBIGUITY IN TEACHING STEM

There are many factors that may contrib-
ute to STEM underrepresentation. Isaacson,
Lloyd, & Schleppenbach (2010) suggest that
ambiguity in spoken mathematics may be a
contributing factor. Mathematics is replete
with potential ambiguity when it is spoken
in a format typical of everyday speech. For
example, consider the following equation:

N a + b + ¢, which is typically spoken as “the
square root of a plus b plus ¢.” This utterance
1s ambiguous because it has two interpreta-
tions as shown in the following equations:

NYa+b+candVa+b+c.

Ambiguity in oral communication of math-
ematical content is problematic for students
who have BLV and may be frustrating and
inhibit learning for others (Isaacson, Srini-
vasan, & Lloyd, 2012). Ambiguity in spoken
mathematics is a unique area of research and
development with implications beyond math-
ematics. For example, chemistry has the
potential for being spoken ambiguously and
may pose a barrier to learning. One focus
of the present article is the potential applica-
tion of research and development efforts for
reducing ambiguity in spoken mathematics
to chemistry and other STEM fields. As Isaac-
son and his colleagues are the primary, if not
the only, researchers who have published on
the topic of ambiguity in spoken mathemat-
ics, citations of their work appear throughout
this article.

Textbooks provide source material that
teachers frequently present aloud to their
classes. Source material with potential
ambiguity may be spoken ambiguously
(Isaacson et al., 2012). Ambiguity in teachers’
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oral presentations of content from chemistry
textbooks may impede information access.
This reduced access is a possible barrier to
learning that may contribute to STEM under-
representation. Obstacles such as ambiguity
in the presentation of content while learning
chemistry may contribute to STEM underrep-
resentation.

An examination of source material may
provide an estimate of the degree of possible
ambiguity within learning material presented
aloud to students in the classroom (Isaacson
et al., 2012). To obtain a rough estimate for
the chemistry classroom, a basic chemistry
textbook (Timberlake & Timberlake, 2011) that
met Indiana State Standards was perused for
potential ambiguity. The following summary
of the examination provides evidence of the
potential for substantial ambiguity when
speaking chemistry content. Chapter 2 has
a lengthy section on scientific notation that
contains many equations with superscripts
and fractions. Based on informal observa-
tions, many professionals in chemistry speak
both scientific notation (i.e. superscripts) and
fractions in a manner consistent with how
mathematical content is typically spoken,
which frequently is ambiguous (Isaacson et
al., 2012). Chapter 2 was not the only section
that contained potential ambiguity. Mathemat-
ically based content with potential ambiguity
was found throughout the text. This included
equations concerning specific heat, mass, the
energy content of food, and the properties of
gases, to name a few.

Potential ambiguity was not only limited to
mathematically based chemistry equations.
For example, the letter “g” was used in one

section of the Timberlake and Timberlake
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(2011) chemistry textbook to denote a gas
but was used in a different section to denote
grams. While some individuals may be able
to use contextual cues within a section to
determine the correct use of the letter “g”,
others may not have developed the skills for
using contextual clues to reduce ambiguity. In
addition, chemical formulas may also contrib-
ute to spoken ambiguity. Consider the formula,
H,O, which is usually spoken as “h two 0.”
In this utterance, it is unclear as to whether
the “two” refers to the “H” as in 2 Hydrogen
atoms or to the “O” as in 2 Oxygen atoms.

REDUCING AMBIGUITY

Many students who have BLV rely heavily
on speech for learning. For these students,
ambiguity in speaking may impose a barrier
for accessing knowledge. Dr. Abraham
Nemeth, Professor Emeritus of Mathematics
at the University of Detroit Mercy, who had
been blind since birth, developed rules during
his studies for non-ambiguous communica-
tion of mathematics. These rules, now known
as MathSpeak, have been developed and stan-
dardized as part of an initiative to promote

non-ambiguous communication of mathemat-
ics (MathSpeak Initiative, 2004).

The MathSpeak rules have been shown to
be intuitive and easy to learn (Isaacson et
al., 2010). An example describing an appli-
cation of the rules follows. Fractions are
typically spoken ambiguously when they are
read aloud. This tends to occur because of the
speaker’s failure to demarcate the beginning
and end of instances of ambiguity (Isaacson
et al.,, 2012). To illustrate, equation 1 above
is typically spoken as “a plus b over ¢.” This
utterance is ambiguous because there are two
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possible interpretations (also shown above).
Using the MathSpeak rules (MathSpeak
additions are shown in italics), the first inter-
pretation would be non-ambiguously spoken
as “a plus start fraction b over ¢ end fraction.”
The second interpretation would be non-
ambiguously stated as “start fraction a plus b
over ¢ end fraction.” The rules demarcate the
beginning and end points of where ambiguity
could arise.

b
Equation I: a+ -
. b
Interpretation 1I: a-+ -
. a+b
Interpretation 2: -

Unlike mathematics, rules for speaking
chemistry content in a non-ambiguous
manner have yet to be developed. Rules
for non-ambiguous communication of
chemistry may reduce ambiguity in spoken
content as a potential barrier for accessing
chemistry. Increasing access to chemistry
may encourage some students who have
BLV to enter into post-secondary STEM
studies and STEM careers.

The MathSpeak rules have the potential to

be adapted for speaking many aspects of

chemistry non-ambiguously. For example,

a sample problem concerning volume and

moles on p. 345 of Timberlake and Timber-

lake (2011) contains equation 2 shown below.
vl 2

n2—=—n2

Equation 2: 1 m

Equation 2 would typically be spoken as “n
two times v one over n one equals v two over
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n two times n two.” This spoken rendering
is ambiguous because it can be interpreted
in many ways. Five possible interpretations
are shown in table 1. The equation could be
non-ambiguously spoken with the MathSpeak
rules as in the following utterance: “n two
times start fraction v one over n one end
fraction equals start fraction v two over n two
end fraction times n two.”

Potential ambiguity in chemistry can be found
in content other than fractions. Chemical
formulas, which are used frequently through-
out chemistry, contain potential ambiguity
that could be reduced by the use of MathSpeak
rules. To illustrate, consider the formula,
(NH,),SO, (found on p. 204 of Timberlake
and Timberlake, 2011).

One way of speaking this equationis: “N H four
two S O four.” A source of ambiguity in this
utterance occurs because it is unclear whether
the “two” refers to the NH, or to the SO,

The formula could be non-ambiguously
spoken with MathSpeak rules as follows:
“Begin parentheses N H subscript four
baseline end parentheses subscript two
baseline S O subscript four.”

PERVASIVENESS OF POTENTIAL
AMBIGUITY IN CHEMISTRY
TEXTBOOKS

The textbook by Timberlake and Timberlake
(2011) is not the only chemistry text to contain
potential ambiguity. Similar ambiguity can be
found in other high school chemistry textbooks
such as those by Wilbraham, Staley, Matta, &
Waterman (2012) and Zumdahl & DeCorte
(2011). As authors of chemistry textbooks fre-
quently use core standards to guide content
selection, most chemistry textbooks cover
similar material making it likely that potential
ambiguity will be found in most chemistry
texts.

Interpretation 1 Interpretation 2 Interpretation 3
n2vl v2 1l V2 rl v2
= n2 = n2 =—n2
nl nan nl n2n2 nl n2
Interpretation 4 Interpretation >
n2vil n2rl
v2 v2
nl = o2 nl = ETIZ

Table 1 — This table shows five possible interpretations that could be derived from the
expression, ‘“‘n two times v one over n one equals v two over n two times n two.”
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Chemical equations, principles, laws
expressed as mathematical relationships,
and dimensional analysis (also known as
the Factor-Label Method or the Unit Factor
Method) are often used in chemistry and it is
not unusual for them to appear in chemistry
textbooks. They are potential sources of
ambiguity. For example, Hess’s law involves
the adding of thermochemical equations to
give a final equation (Wilbraham et al., 2012).
Hess’s law is commonly taught in introduc-
tory chemistry and is likely to appear in most
introductory chemistry texts. As chemical
equations are involved, textbook examples
of the application of Hess’s Law are likely to
have potential ambiguity.

Dimensional analysis involving the conver-
sion of units is often used in solving problems
in chemistry. For example, frequent manip-
ulations in chemistry involve converting
between units (for example, grams per mole
to kilograms, cubic inches to cubic centime-
ters, volume to mass, etc.). The conversions
frequently use mathematical type formula
containing fractions.

As fractions are frequently spoken ambigu-
ously, dimensional analysis equations are
likely to contain material that will be spoken
in an ambiguous manner. Because dimen-
sional analysis is crucial for chemistry, it is
likely that the method will be found in many
basic chemistry books.

In conversions involving volume, it may
be necessary to calculate the volume of a
container. Superscripts are used in many vol-
umetric calculations. Superscripts are sources
of ambiguity in spoken communication of
mathematics and are likely to be communi-
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cated in an ambiguous form when they are
spoken in the context of chemistry.

Other examples of potential ambiguity can be
found in thermodynamics, a crucial area for
the study of chemistry. Because of its impor-
tance, it is likely to appear in introductory
chemistry books. The area of thermodynamics
contains formulas, such as the one for calcu-
lating specific heat, which contains a fraction.
Because fractions are frequently spoken in an
ambiguous form, textbook content about ther-
modynamics has the potential of being spoken
ambiguously.

The few instances summarized above illustrate
the many instances in which chemistry may be
spoken ambiguously. Instances such as these
were found in all of the chemistry textbooks
examined. These findings indicate that there
is considerable potential for chemistry to be
spoken in an ambiguous manner.

Whether the MathSpeak rules can be adapted
forall cases ofambiguity in speaking chemistry
is uncertain because a systematic and compre-
hensive examination of potential ambiguity
in chemistry has not been completed. Com-
munication and teaching of STEM could be
improved by non-ambiguous speaking of
STEM material. Spoken presentations of edu-
cational material that are ambiguous may be
particularly problematic for students who may
rely heavily on auditory input of information
such as those who have BLV and those who
have specific learning disabilities that inhibit
processing of printed material. Rules for non-
ambiguous speaking of chemistry content
may enhance the learning of chemistry and
may encourage the pursuit of studies and
careers in chemistry. Research should be
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conducted to systematically identify potential
ambiguity in the communication of chemistry
and to develop and standardize rules for non-
ambiguous communication of chemistry.

EDUCATIONAL TRENDS —
IMPLICATIONS OF ONLINE
LEARNING

According to the Sloan Consortium (2007),
online learning shows substantial increases
in popularity. The visual component of
online content often is inaccessible to
students who have print disabilities and it
will be necessary for the spoken content to be
rendered non-ambiguously. The MathSpeak
rules have been shown to substantially
reduce ambiguity in spoken mathematics
(Isaacson et al., 2010) and should be available
in online courses with mathematics to
facilitate communication and access by
students who have print disabilities. The
development of standardized non-ambiguous
rules for speaking chemistry may be a step
toward making online chemistry courses
accessible to students who have visual
impairments or other print disabilities.

Technology and engineering are fields
within STEM. These fields tend to have a
strong mathematical basis, which increases
the probability of content found in both
being spoken ambiguously. This potential
ambiguity may limit access to the acquisi-
tion of knowledge and learning in the fields
of technology and engineering. Students
with disabilities, in particular those who have
BLV, may be substantially affected and may
find learning in these fields to be difficult and
discouraging.

http://scholarworks.rit.edu/jsesd/vol18/iss1/2

Because students who have BLV may not be
able to access the visual component of online
presentations, they will probably rely heavily
on speech input for receiving online content.
As described above, STEM content has con-
siderable potential for being spoken ambig-
uously. This may severely limit access to
online STEM content by students who have
BLV and other auditory learners.

IMPLICATIONS FOR DISABILITIES
OTHER THAN PRINT DISABILITIES

When different teachers were asked to speak
the same mathematical equations, their
spoken renderings were often quite different
(Isaacson et al., 2012). Sometimes the same
teacher would even speak the same equation
differently on different occasions (unpub-
lished data from Isaacson et al., 2012).
Between and within teacher inconsistency
such as that cited may be problematic for
students who are first learning mathemat-
ics and for those who have difficulty under-
standing math in general. Furthermore,
uncertainty that arises from inconsistency
may be associated with increased levels of
anxiety in children with autism (Boulter,
Freeston, South, & Rodgers, 2014). Anxiety
may inhibit learning and is associated with
decreased levels of achievement (McDonald,
2001; Ocak & Yamak, 2013). Application of
rules for non-ambiguous speaking of mathe-
matics and chemistry would not only reduce
ambiguity but would increase consistency
of oral presentations, which could improve
learning and achievement for students who
may have difficulty with inconsistency.
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IMPLICATIONS FOR EDUCATORS
AND FAMILIES

Most practitioners and families want their
students and children to study and learn
without barriers that impede access to
knowledge. Communication in mathematics
and many STEM fields often is ambiguous
and may inhibit learning. Rules have been
developed for non-ambiguous spoken com-
munication of mathematics. These rules also
have potential applicability in other STEM
fields. Teachers, family members, and other
stakeholders should teach these rules and use
them, as appropriate, when speaking STEM
content. This may facilitate communication
and learning of STEM.

CONCLUSION

Science, technology, engineering, and math-
ematics (STEM) are fields that have been
emphasized as being in-demand, well paying,
and important for our economy. Some groups
of students, however, may encounter barriers
that inhibit access to STEM education. This
article examines barriers that may be encoun-
tered by students with print disabilities. It is
important for the public to be aware of and
understand issues that may inhibit education.
All students deserve equal access to education.
Awareness and understanding may be the first
steps towards creating education equality.

Many educators are unaware, or insufficiently
aware, of issues that may inhibit access to
knowledge and education such as ambiguity
in communication of content for learning.
Isaacson et al. (2012) found that many math
educators were unaware of ambiguity in
spoken mathematics. Although awareness of
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ambiguity in speaking chemistry by chemistry
teachers was not measured in the above study,
it is unlikely that chemistry teachers are more
aware of ambiguity in speaking chemistry
and the potential ramifications than are math
teachers in regards to ambiguity in speaking
mathematics.

Math educators are supportive of teacher
training concerning ambiguity in spoken
mathematics and how to speak mathemat-
ics unambiguously (Isaacson et al., 2012). It
is likely that chemistry educators would be
supportive of similar training for chemistry.
These observations indicate that educators are
eager to improve their teaching skills for all
students and that training should be provided
concerning issues that may inhibit access
to knowledge and learning by students with
disabilities such as the spoken ambiguity in
chemistry, math, and other STEM fields. Such
training may enhance STEM learning and
increase STEM representation of students
with disabilities.

Ambiguity in speaking mathematics inhibits
learning of mathematics. Rules for non-
ambiguous speaking of mathematics have
been developed. Ambiguous communica-
tion of mathematical content in chemistry
and other STEM fields may be reduced by
the development and application of rules for
chemistry such as MathSpeak. Because of the
MathSpeak Initiative, the field of mathemat-
ics has a strong start in reducing ambiguity
in spoken communication of mathemat-
ics. A systematic examination of the other
STEM fields to identify sources of potential
ambiguity with the objective of develop-
ing standardized rules for non-ambiguous
spoken communication in these fields would
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be beneficial. As appropriate, the MathSpeak
rules should be examined for their potential to
be modified for non-ambiguous spoken com-
munication in the other STEM fields.

BACKGROUND, FUTURE
DIRECTIONS, AND
ACKNOWLEDGEMENT

This paper describes the initial phase of
a project focused on educational implica-
tions of ambiguity in speaking chemistry.
The initial phase consisted of an inves-
tigation of whether content in chemistry
textbooks had the potential for being spoken
ambiguously and whether the rules now
known as MathSpeak could be used to
decrease ambiguity in spoken chemistry.
The MathSpeak rules evolved from informal
rules that Dr. Abraham Nemeth developed
during his studies of mathematics. Dr.
Nemeth was originally working with us on
this project. Unfortunately, he passed away
before the project was completed.

The project still needs a more extensive exam-
ination of ambiguity in speaking chemistry
and the development of standardized rules
for speaking chemistry. Also needed is the
development of mechanisms for disseminat-
ing information to teachers, both in-service
and in-training, of the potential consequences
of ambiguity in their teaching of STEM and
rules for reducing ambiguity when speaking
STEM content.

Dr. Nemeth was, and continues to be an inspi-
ration for this project and for many students
and other projects. He will be missed.
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